. Consequently, the microwave industry developed combined microwave grill/crisp alternatives, capable of generation Maillard reactions, now accessible on most domestic microwave devices. Convective oven cooking, on the other hand, uses hot air convection, with some secondary radiation emerging from oven walls and some conduction from the baking pan. Thus, the heat and mass transfer characteristics of foods cooked on these three equipment are entirely different, influencing not only the chemical composition of the processed food but also its sensory properties and hence acceptability.
Based on the abovementioned observations, this work aimed to compare the composition, bioactivity and acceptance, of deep-fried fresh potatoes with low-fat domestic alternatives (microwave grill and oven procedures). Aware that the vegetable oil used for cooking has a strong influence on acceptability and composition, we tested four of the most commonly available worldwide (soybean, sunflower, canola, and olive oil).
| MATERIAL S AND ME THODS

| Samples
Potatoes (Solanum tuberosum L., Mozart variety) choice was based on their frying aptitude and availability in the local market (Porto, Portugal; potatoes origin: France). Potatoes were manually peeled, cut into 1 cm cubes, washed in plain water, and drained before being processed. No pre-fried potatoes were used in this study, as the incorporated fat would bias the results. The vegetable oils included commercial soybean oil (SO), sunflower oil (SFO), and olive oil (OO), all available in the local market, and canola oil (CO) acquired from international market (Pforzheim, Germany), with their chemical composition detailed in Supporting Information Table S1 .
| "Frying" processes
Deep-frying (DF) was used as control, performed in domestic elec- 
| Sensory analysis
A quantitative descriptive analysis was conducted to characterize and differentiate the sensorial attributes of the fried potatoes in the different oils and for each frying process/day, in a total of 24 samples, using a 10-cm unstructured linear scale. Ten assessors (8 females and 2 males with age range of 23-55) of the Faculty of Pharmacy of University of Porto were trained for identification of sensory vocabulary and to become familiarized with the scale.
Potatoes sensory evaluation was based in nine attributes, describing appearance (color intensity and homogeneity), odor (quality and intensity), taste (quality and aftertaste), and texture (adhesiveness, graininess, and crispiness), in the different oils and for each frying process/day, in a total of 24 samples. The panel was also asked to score global acceptability. In three training pre-sessions, deep-fried, microwave and oven-fried samples were included. The final sensory analyses were performed after 3 min of removing samples from each cooking device. Two evaluation sessions were performed per day, at mid-morning (around 10:30 hr) and mid-afternoon (around 16:30 hr).
Four samples, marked with three random digits, were presented to the assessors each time, and analyses took place according to Santos et al. (2017) .
| Statistical analysis
Significant differences, between frying processes or vegetable oils, were analyzed by a one-way ANOVA (parametric test), using Tukey's post hoc test, or a Kruskal-Wallis (non-parametric test). These statistical tests were performed using XLSTAT 2016 with statistical significance set at p < 0.05.
| RE SULTS AND D ISCUSS I ON
Side-by-side with the amounts of incorporated lipids, the intrinsic characteristics of each vegetable oil influence the nutritional quality of the final product. On the other hand, the thermal process influences the loss of bioactive potato compounds, as ascorbic acid, together with the formation of new compounds, including lipids oxidation products and acrylamide. A separate discussion of these parameters is detailed below.
| Impact on nutritional and health attributes
Moisture and oil contents are among the most important chemical components of fried potatoes, affecting its nutritional and sensory quality (Pedreschi, 2012) . Moisture, initially at 81%, decreased with all cooking processes, with reduced but statistically significant differences (p < 0.05) between DF (59%), and both MWG and OV (62%) ( Table 1) . Regarding incorporated lipids, an average of 6.9% was quantified in DF, against 1.8% in MWG and 1.3% in OV (Table 1) , corresponding to 70%-85% reduction of lipids, real low-fat approaches (<3 g/100 g). These moisture/oil contents are equivalent to those achieved with commercial low-fat air-frying systems when using fresh potatoes (Santos et al., 2017) but lower than when using prefried potatoes, with significant amounts of fat already incorporated before processing (Giovanelli et al., 2017) . No statistical differences were observed between the different oils tested.
When the oils extracted from processed potatoes are compared in terms of fatty acid composition, a dominance of oleic acid in OO fried potatoes, of linolenic acid in SO and SFO, and linolenic acid in CO and SO was observed on all the processes (Table 1 ). This confirms that, using fresh potatoes, the oils choice are totally reflected in the final product, even in low-fat approaches, which cannot be granted when using commercial pre-fried potatoes.
Potatoes are an excellent source of ascorbic acid (Love & Pavek, 2008) . However, the thermal and oxidative stress imposed during cooking inevitably induces losses on this vitamin. From an initial amount of 6.8 mg/100 g in raw potatoes, the values decreased significantly, ranging from 0.9 to 3.2 mg/100 g ( Table 1 ). Regarding the frying processes, DF induced an average loss of 85%, significantly higher on all occasions (p < 0.05) than the other two processes, but no significant differences were perceived between the two low-fat frying processes, with losses ranging from 53% to 78%. Aware that processing occurs faster with DF (6 min) than with the other two alternatives (15 min MWG and 30 min OV), processing time cannot be the primary determinant for ascorbic acid loss, nor moisture, equivalent on all processes. Thermal transfer efficiency, higher in DF, can have contributed to this effect, as well as some potential leaching accompanying water loss in DF. Regarding the different oils, no differences were perceived in the vitamin contents, except an apparent reduced loss with OO in OV, indicative that the potential contribution of the oil components to an oxidant/antioxidant effect is reduced. The ascorbic acid values in this study are lower than those found in fried potatoes (Fillion & Henry, 1998) , probably derived from the variety used and the small dimensions of the cubes, necessary to increase homogeneity between processes. Nevertheless, these values are higher than those found in air-frying systems under similar processing conditions (Santos et al., 2017) .
Vitamin E is almost absent in raw potatoes (<0.02 mg/100 g), but present in substantial amounts in the vegetable oils, with intrinsic differences between them (Supporting Information Table S1), therefore enriching potatoes by lipid incorporation (Table 1) . Within each cooking process, a higher tocopherol content was quantified in SO, followed by SFO and CO, with the lowest amounts in OO (p < 0.05).
Between processes, DF had significantly higher amounts of tocopherols due to the higher lipid content, while the differences between the two low-fat processes were reduced, imposed by the small amounts of incorporated fat, and similar to air-frying systems under similar processing conditions (Santos et al., 2017) .
Raw potatoes are a recognized source of carotenoids in the diet, particularly β-carotene, in this case with 79 μg/100 g on a fresh basis (Table 1 ). The amounts increased on all the processing methods, ranging from 120 μg/100 g (SFO-OV) to 180 μg/100 g (OO-DF), influenced by both moisture loss and fat incorporation. However, no differences were perceived between oils (p > 0.05), despite the vegetable oil TA B L E 1 Effect of different cooking processes and vegetable oils on potatoes composition original composition (Supporting Information Table S1 ), except for MWG (p < 0.05), with superior amounts with SO and OO. When the processes are compared, no statistical differences were also perceived, except for CO, with higher amounts in DF, followed by MWG and OV, but all within the values presented by the other processes.
Regarding total phenolics, expressed in equivalents of gallic acid (Table 1) , raw potatoes amounts (22 mg/100 g) increased with all cooking processes. These could again derive directly from moisture loss, but the oil type had some influence: OO natural richness in phenolic compounds (Supporting Information Table S1 ) might have induced significantly higher amounts (p < 0.05) on all cooking processes. No differences were perceived between the two low-fat processes, both presenting significantly higher amounts than DF potatoes (p < 0.05), for all vegetable oils. Aware that fat incorporation was reduced in the low-fat frying processes, this increase in phenolic content, more than doubling the initial raw potatoes content, could also derive from an increased protection during processing.
Moreover, these values are in the same order than those found in air-frying systems (Santos et al., 2017) .
The results for the antioxidant activity under the DPPH radical assay (Table 1) showed that CO imposed consistently higher activity on all cooking processes, as already expected from the oil composition (Supporting Information Table S1 ), followed by SO, SFO, and
OO. Processing differences had a small impact on the final results
and, in all cases, the potatoes increased their antioxidant activity.
| Impact on lipid degradation and acrylamide formation
During the thermal and oxidative stress induced by cooking, the lipids are gradually deteriorated. Several degradation indicators were used to understand the impact of each cooking procedures on the lipids quality, enabling to compare the potential ingestion of degraded lipids through cooked potatoes. Therefore, the lipids extracted from the processed potatoes were evaluated in terms of classical degradation indexes. It included the p-anisidine value, which gives an estimation of aldehydes formed as secondary oxidation products potentially impacting on odor quality and intensity, together with triglycerides hydrolysis, oxidation, and polymerization (Table 2) , presented on a lipid basis to enable a direct association of fat degradation between processes and oils.
Regarding oxidation, p-AV values were consistently higher in DF, without differences between the two low-fat processes. When the oils are compared within each process, OO had significantly lower p-AV values, being, therefore, less oxidized, which could be a consequence of its higher phenolic content although its lower polyunsaturated degree also contributes for its stability. In the low-fat processes, the p-AV value was generally low, reducing the ability to distinguish the different oils, but SFO had higher amounts of secondary aldehydes.
The TPC are a consensual index for oil degradation, corresponding to the sum of OTG with polymeric forms (DPTG), diglycerides (DG) and free fatty acids (FFA), with 22%-25% as the limit for rejection in several European countries (Gertz, 2000) . For the polymeric forms, DF potatoes had significantly higher amounts (5.9%-7.8%), being only residual in the two low-fat approaches (3.1-3.9), without differences between them ( Table 2 ). The oxidized triglycerides (OTG), again higher in DF, enabled a distinction between the low-fat processes, with higher amounts in MWG than OV for SO and CO.
Fatty acids isomerization is also an indicator of thermal and oxidative degradation although occurring at relatively low rates and amounts (Table 2) Note. CO: canola oil; DPTG: dimeric and polymeric triglycerides; FFA: free fatty acids; OO: olive oil; OTG: oxidized triglycerides; p-AV: anisidine value; SFO: sunflower oil; SO: soybean oil; TFA: trans fatty acids; TPC: total polar compounds. a-d Statistically significant differences (p < 0.05) between vegetable oils for the same frying process or A-C between frying processes for the same vegetable oil; *expressed as 100 times the optical density measured at 350 nm (1 cm) of a solution containing 1.00 g of the oil in 100 ml, according to the method.
lipids, slightly higher in CO, and similar to those of the fresh oils (Supporting Information Table S1 ). As to the processes, higher TFA were quantified in the DF, but always below 0.05%, corresponding to low amounts from a health point of view.
Acrylamide was included in this section because it corresponds to a compound formed during heating, with potentially deleterious effects on consumer's health. Acrylamide is a recognized processing contaminant in fried potatoes, being formed above 120°C and under low-moisture conditions (Molina-García et al., 2015) . themselves is not excluded (Ye, Miao, Zhao, & Yuan, 2011) . This is also consistent with the increased red tones (a*) in the instrumen- These acrylamide content reduction reductions observed with MWG and OV are interesting from a health point of view and they represent a 70% reduction when compared with compared with airfrying systems under similar processing conditions (640 μg/kg, on average) (Santos et al., 2017) .
| Impact on sensorial quality
Independently of the oil type (Figure 1 ), most sensorial attributes presented higher scores for classical deep-frying (p < 0.05):
color and odor intensities (DF > MWG > OV), color homogeneity (DF > OV > MWG), odor quality (DF, MWG > OV), crispness and aftertaste (DF > MWG, OV), and taste quality (DF, MWG > DF, OV).
Adhesively and graininess were similar between processes (p > 0.05).
The lower crispness scores on both low-fat approaches are directly associated with water loss and fat incorporation data, previously discussed, essential for crust formation (Melema, 2003) . Data also
show that, even with frequent turnover, oven and microwave grill are F I G U R E 1 Sensory analysis of fried potatoes (* for significant differences (p < 0.05) between frying processes and frying oils) unable to achieve DF color homogeneity due to the direct contact with the metal recipient surfaces. Still, when MWG and OV are compared, MWG presented better odor and color intensities, as well as taste and color qualities, but lower color homogeneity, in agreement with the instrumental color measures. Crispiness and aftertaste were also similar on both low-fat approaches. Global acceptability corroborated the individual scores, with higher acceptability for DF (4.5), followed by MWG (3.4) and OV (2.5). The MWG scores were within the range of commercial air-frying devices (3.5-4.3) tested under similar processing condition (Santos et al., 2017) . When the different oils were compared under DF, a general preference for SFO was perceived (6.1/10 global mean score) in opposition to CO (3.2/10), but no significant differences were observed in the low-fat processes, probably due to the low amounts of incorporated fat (Figure 1 ).
| CON CLUS ION
The results of this work demonstrated that MWG and OV have potential to be implemented at domestic level as healthier "frying" alternatives. Its use with fresh potatoes, instead of pre-fried frozen ones, enables consumer to choose the oil of their preference while achieving true low-fat potatoes. Indeed, the amount of fat absorbed by the MWG and OV potatoes is around 80% lower than DF, corresponding to an average decrease in 50 kcal/100 g under the present conditions. However, the advantages are not 
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